We present a semi-automated high-throughput single-molecule force spectroscopy (HT-SMFS) procedure for efficient data acquisition on membrane proteins. It consists of automated data collection, compensation of deflection sensitivity (DS) drift, semi-automated data filtering and analysis. This procedure makes it possible that during ~90% of the data acquisition time the presence of an operator is not required. In SMFS proteins are mechanically unfolded by attaching one of their termini to an AFM cantilever tip by physi-or chemisoprtion. Upon retraction of the cantilever stable structural elements of the protein are unfolded, resulting in a sawtooth-shaped force-distance curve. Temporal cantilever drift is a major problem in SMFS. It affects the cantilever deflection sensitivity (DS), which is multiplied with the output voltage signals of the photodiode to calculate the metric cantilever deflection. Therefore, measured forces change during an experiment and might not represent the correct values. For this reason automated data acquisition included a compensation for temporal DS drift by determining the slope of the contact regime of each force curve. This allowed collecting a plethora of data over a long time without re-adjusting the laser after short periods of time. This HT-SMFS procedure was successfully validated using the proton pump bacteriorhodopsin from H. salinarum and the L-arginine/agmatine antiporter AdiC from E. coli. Bias was removed from data acquisition by saving all force-distance curves. To detect rare unfolding events that originate from e.g. protein-ligand or protein-protein interactions a large number of force-distance curves has to be collected. By recording 2 -4x10 4 curves on a single day and applying efficient filtering, it was possible to acquire data sets consisting of up to ~200 AdiC force spectra and ~400 bacteriorhodopsin force spectra in short periods of time. Such large data sets are a prerequisite for reliable statistical analysis. Applying HT-SMFS to the unfolding of AdiC allowed detecting unfolding barriers, which correspond to stable unfolding intermediates. By comparing the location of these barriers with a sequence-based topology prediction the unfolding barriers were assigned to the cooperative unfolding of structural elements. This allowed obtaining topological and mechanical information of AdiC, the structure of which is not available.
We present a semi-automated high-throughput single-molecule force spectroscopy (HT-SMFS) procedure for efficient data acquisition on membrane proteins. It consists of automated data collection, compensation of deflection sensitivity (DS) drift, semi-automated data filtering and analysis. This procedure makes it possible that during ~90% of the data acquisition time the presence of an operator is not required. In SMFS proteins are mechanically unfolded by attaching one of their termini to an AFM cantilever tip by physi-or chemisoprtion. Upon retraction of the cantilever stable structural elements of the protein are unfolded, resulting in a sawtooth-shaped force-distance curve. Temporal cantilever drift is a major problem in SMFS. It affects the cantilever deflection sensitivity (DS), which is multiplied with the output voltage signals of the photodiode to calculate the metric cantilever deflection. Therefore, measured forces change during an experiment and might not represent the correct values. For this reason automated data acquisition included a compensation for temporal DS drift by determining the slope of the contact regime of each force curve. This allowed collecting a plethora of data over a long time without re-adjusting the laser after short periods of time. This HT-SMFS procedure was successfully validated using the proton pump bacteriorhodopsin from H. salinarum and the L-arginine/agmatine antiporter AdiC from E. coli. Bias was removed from data acquisition by saving all force-distance curves. To detect rare unfolding events that originate from e.g. protein-ligand or protein-protein interactions a large number of force-distance curves has to be collected. By recording 2 -4x10 4 curves on a single day and applying efficient filtering, it was possible to acquire data sets consisting of up to ~200 AdiC force spectra and ~400 bacteriorhodopsin force spectra in short periods of time. Such large data sets are a prerequisite for reliable statistical analysis. Applying HT-SMFS to the unfolding of AdiC allowed detecting unfolding barriers, which correspond to stable unfolding intermediates. By comparing the location of these barriers with a sequence-based topology prediction the unfolding barriers were assigned to the cooperative unfolding of structural elements. This allowed obtaining topological and mechanical information of AdiC, the structure of which is not available.
